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FOREWORD
When undergraduate students engage in research, scholarly work, or
creative activities, they become active learners and achievers who greatly
increase their potential for intellectual growth and development. South
Dakota State University has a tradition of involving undergraduate
students in research and scholarly activities. This tradition is fostered by
a faculty dedicated to high quality education.
This first issue of the SDSU Journal of Undergraduate Research is a
manifestation of the increasing recognition among the campus
community of the value of undergraduate research, scholarship, and
creative activities. The Journal is meant to be a showcase for
undergraduate research achievement and to recognize mentoring by
the faculty.
The SDSU Journal of Undergraduate Research (JUR) is sponsored by
the Office of Research & Sponsored Programs and by the Research
Advisory Council. However, this annual publication is largely the
product of dedicated work by its Editor, Dr. George Langelett. Funding
for the production of JUR came from the South Dakota EPSCoR
Program.
We expect that JUR will be effective in presenting some of the best
undergraduate scholarly work and that the Journal will become a source
of pride for the campus community.
John J. Ruffolo, PhD
Associate Dean of Research & Sponsored Programs
and Graduate School
Professor of Biology & Microbiology
Table of Contents
Foreword ii
Guidelines —SDSU Journal of Undergraduate Research...... iv
Engineering for expression of cold regulated barley protein
HVCR21in£:. CO//
Kathleen Graupman 1
A Statistical Analysis to Improve Public Perception of
a State University's Police Department
Stephanie Davis, Terri French, Nancy Stuefen... ..7
A Comparison of Methods for On-Farm Determination of Failure of
Passive Transfer of Immunoglobulin to Dairy Calves
Ann Harvey 23
Gene Family Encoding Hordeum vulgare Translation Elongation Factor
1 Alpha (EF-la): Assignment Based on Bioinformatic Analysis of
cDNA Sequences
Jackson Moeller........ 33
Toxicity Potential of Aqueous Kava Extracts on Liver Function Tests in
Rats
Ashwini K. Devkota ..43
Iv SUBMISSION GUIDELINES
SDSU Journal of Undergraduate Research
(Next deadline for submission: June 1, 2004)
Manuscript Submission Guidelines
This document is intended to provide you with some guidance regarding
the final structure and format your research manuscript should possess
to warrant publication in the SDSU Journal of Undergraduate Research.
Student authors wishing to have their work published in the Journal are
advised to follow these guidelines as closely as possible, as manuscripts
submitted to the Journal XhaX are not of high quality in content and format
may be rejected by the editor. The Jot/rna/editor does understand that
research products and manuscripts from different disciplines may take
on quite different forms. As such, if these guidelines do not adequately
answer your questions, simply followthe format and guidelines utilized
by a major scholarly journal in your field of study. Professional journal
articles In your field of study are a guideline for manuscript length.
(When in doubt, article conciseness is important). Your faculty mentor
should be able to advise you in this regard.
Ifthese guidelines do not answer your questions, or if additional
questions about content and format arise, please do not hesitate to
contact the journal editor, George Langelett, Economics Department,
688-4844, orJUR@sdstate.edu.
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SUBMISSION:
HARD COPY AND ELECTRONIC FORMATS
Your JUR manuscript must be submitted in both a hard copy (printed) form AND
an electronic format through email.
All manuscripts must be submitted to the JUR by your faculty mentor.
Manuscripts submitted by students will not be accepted for publication. All
manuscripts should be submitted to the Journal of Undergraduate Research,
Administration Building room 130. Electronic versions should be sent via email
to JUR@sdstate.edu by the specified deadline (next year is June 1, 2004).
Every effort will be made by the editorial staff to reproduce your manuscript in a
form that closely resembles your hard copy. However, some slight variations may
occur in converting your files to those used by the publisher. Your careful
adherence to the information in the next few paragraphs will ensure that your
manuscript is reproduced with minimal errors.
For submission of your hard copy, use MicrosoftWord® as your word processor.
Use this program to prepare and print out your final hard copy with any figures
and captions in place, exactly as you would like to see them appear in the final
Jot/rna/article. This hard copy will serve as the model the editor will try to
duplicate in the printed/published Journal.
For electronic submission, you will also need to submit your manuscript file,
saved in the most recent version of MS Word® possible, along with any
additional graphic files. The way to electronically submit your manuscript is to
email all required files as attachments to the journal (email address above).
Sending just one email message with multiple attachments is preferred over
several emails. Be sure to include not only your written manuscript, but also any
additional files to be included in the final work.
Ifgraphics are to be included, these must also be submitted as separate fiies. All
digital art or other representations must be saved as either .EPS or .TIFF files.
(.JPEG files are also acceptable, but be aware that resolution will be poor.) The
Editor wiil insert these into the proper positions within your Journa/article later.
Finally, be aware that "Word Publisher" artwork cannot be translated and will be
useless to the editorial staff.
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MANUSCRIPT REVIEW
After your manuscript has been submitted to the SDSU Journal of
Undergraduate Research, it will be reviewed by the editorial staff, and, if
deemed acceptable for publication, converted into a "publication-ready" format
("proof"). A hard copy of the manuscript proof will then be returned to your
faculty mentor by July for final review. At that time, it will be your mentor's
responsibility to make any final changes to the document and return it to the
Editors by the noted deadline (July 15^*^). It is imperative that all proofs be
returned to the Journal staff in a timely manner so that any final changes can
be incorporated before the volume goes to press.
FINAL PRODUCT
The final form of your paper will depend greatly on the nature of your topic and
certain publishing conventions that may exist within your discipline. It is expected
that the faculty advisor for each project will provide substantial guidance in this
matter. An excellent general resource providing details of the content, style, and
organization of a typical journal article is the Publication Manual of the American
Psychological Association, which is accepted as a definitive source in many
disciplines. While the emphasis there is on empirical research reports (based
upon original research and data collection), other types of papers are also
described (review articles, theoretical articles), and an appendix: "Material Other
Than Journal Articles," may be useful.
Your discipline may have its own publication style preferences, and you should
explore this matter with your faculty advisor. For most ail disciplines, however,
articles should follow a standard format and begin with a descriptive title, the
name of the author(s) the name(s) of the faculty advisor(s), and an abstract
describing in brief the purpose, methodology, and findings or conclusions of the
project (see below). Manuscripts describing empirical research will typically be
organized into further subsections, labeled Introduction, Method, Results,
Discussion, (or variations on those subheadings), along with a complete list of
References.
The rest of these guidelines are intended to provide you with a sense of the
appearance and content of a typical final research report, as it should appear in
the SDSU JUR. Beginning with 'Title of Your Article" below, the remainder of this
document is written in the SDSU JUR style. Please note font sizes, format, and
section content, and use this example to guide you.
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*** Sample Format ***
Title Of Your Article
Your Name, Your Partner's Name(s)
Faculty Sponsor: Faculty Mentor's Name
Department of XYZ
ABSTRACT
This will be a brief statement of what was done in your research, along with your
principal results and conclusions. Only the most important facts should be
related here, in non-indented paragraph form. Offset the abstract by using
margins that are indented 0.5" on each side relative to the body of your
manuscript. You may list key words to aid in on-line computer-search
applications, if that is appropriate. For example. Keywords: undergraduate
research, manuscript, submission, guidelines.
INTRODUCTION
This is the first formal section of a research report. This and the sections to follow
should be single-spaced and laser-printed on only one side of the paper (8.5" x
11"). Early in this section, provide a general description of the research problem
or activity.Attempt to identify and define whatever terms your reader will need to
understand your project. The remaining paragraphs are often used to summarize
relevant findings from previously completed research. Always be sure to cite your
sources. Sarbin and Coe (1969) state that "in preparing a ... report, the student
must pay careful attention to the problems of documentation." In these examples
of citations, "the documentation is contained in the parentheses ..." (Sarbin and
Coe, 1969). To find the remaining information, the reader examines the reference
list at the end of the paper. This citation style is sometimes called "scientific
notation." Other citation styles may be more appropriate to your own disciplines.
Be sure to be consistent, and to discuss this with your faculty advisor. Ultimately,
you should use a citation style that is commonly accepted within your discipline.
The last portion of an introduction is often used to state the specific expected
outcomes of the project; sometimes this appears as one or more formal testable
hypotheses.
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METHODS
The content of this subsection may vary greatly, depending upon the nature of
the research project. You should refer to publication manuals or published
research for information specific to your type of project. Sometimes this sub
section is labeled "Materials and Method." Figures are often used to clarify and
explain important details. In general you should use this sub-section to explain to
your reader, in as clear a way as possible, what you did, in the order that you did
it. In an empirical research report, you should try to provide enough detail that
another researcher could essentially duplicate your study without referring
excessively to other sources.
RESULTS
This should be a clear description of any data (or other material) generated as
a result of your research. It must start out as a written description, but this
subsection is often supplemented with FIGURES and TABLES, or PLATES, or
other types of graphic images. These are never sufficient by themselves. Figures
and Tables should not appear in your paper until after they've been mentioned or
referred to in the written portion of this section. They should appear as soon as
is reasonable after such mention, either on the same page, or on the next page
(see Figure 1, and Table 1). Notice, in particular, that in most scientific papers,
the number and title of a Table appear above the data being described, but the
number and title of a Figure appear below the data. Any units of measure must
appear either in the title, or independently in the column or row headings. A table
is useless unless the reader can understand exactly what is represented.
Graphic materials, properly labeled, should be included IN THE BODYof your
paper, not grouped at the end. (See the section labeled "Electronic Submission"
for further details.)
The Results section is also the place to include any statistical interpretation
of the data, if such exists. Be sure to point out any important features of
your findings, but AVOIDto the extent possible, any THEORETICAL
INTERPRETATION unless you are combining this with the next section
(DISCUSSION or CONCLUSIONS).
DISCUSSION (AND/OR CONCLUSIONS)
This section is sometimes combined with the previous RESULTS section,
especially when that permits a more efficient presentation. Your "Discussion"
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should include any theoretical interpretation of your data, including, when
appropriate to your topic, the following: (1) WHETHER your results support any
specific hypothesis or hypotheses you may have stated in your introduction;
(2) HOW your results compare with the results in your cited research sources;
and (3) WHAT theories or explanations seem to best explain or account for the
results that you are describing.
Again, be sure to cite (Sarbin and Coe, 1969) the sources for theoretical ideas
and explanations provided by other writers or sources. Also, address whether
there any practical applications for the results or methods used in your research.
LIMITATIONS
It is often useful, particularly in undergraduate research, to provide a summary of
the limitations of the research from methodological, theoretical or other points of
view, to provide perspective and to serve as a possible basis for improvements in
future projects.
ACKNOWLEDGEMENTS
Feel free to use this section to BRIEFLYacknowledge any and all who helped
you bring your project through to fruition.You may also thank any funding
sources if appropriate.
REFERENCES
Provide a complete list of all cited materials, in a format that is consistent with
publications in your area of study.
APPENDIX
This section is optional, and generally unnecessary. In some cases, it may be
included to provide a more complete description of materials used. The Editor of
the SDSU Journal of Undergraduate Research would prefer that no appendices
be used. However, ifabsolutely necessary, the number of pages in an appendix
should be kept to an absolute minimum!
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Engineering for expression of the coid
reguiated bariey protein HVCR21 in E. coli
Author: Kathleen Graupman
Faculty Sponsor: Fedora Sutton
Department: Plant Science
ABSTRACT
HVCR21 is a barley protein known to be cold regulated at the mRNA level.
However, its function as well as the affect of low temperature on its translation are
imknown. The purpose of this project was to engineer E. coli to express recombinant
HVCR21. PGR primers were designed for the 5' and 3' ends of the HVCR21 coding
region. The primers were also designed with a 5' Sad restriction site and a 3' Pst I
restriction site. After ligation of the PGR product into the pGR4-T0P0 vector, bacteria
were transformed and plated and the successfiil transformant verified by PGR. The new
pGR4-TOPO-HVGR21 construct was therefore available as a ready source of the
Sacl/Pst I fragment. The expression vector pQElOO was prepared by digestion with Sad
and Pstl. The Sacl/Pst I fragment from pGR4-TOPO-HVGR21 was ligated to the
SacI/PstI pQElOO vector. Transformants were analyzed by PGR with the HVGR21
primers. Sequence analysis of the engineered region of pQE100-HVGR21 confirms the
correct orientation and frame for expression of HVGR21 in E. coli. Future studies will
involve growth of bacteria containing this construct and SDS-polyacrylamide gel
electrophoresis analysis of the expressed proteins.
INTRODUCTION
Low nonfreezing temperatures are required to acclimate plants to varying degrees of
freezing tolerance (Levitt, 1980). Since the ability to cold acclimate is under genetic
control, investigations have focused on the identification of cold-regulated genes
(Thomashow, 1999). Several investigators have concentrated their efforts on
characterizing barley and wheat cold-regulated genes. Ndong et al (2002) have described
cold-regulated chloroplast proteins. Tsuda et al (2000), Vaguijfalvi et al (2000) and Gana
et al (1997) are only a few of the investigators studying wheat cold-regulated genes.
Brown (2001), Shen (2001) and Zhu (2000) have reported on stress-regulated barley
multi-gene families.
We isolated a number of full-length barley cDNA clones for cold-regulated genes
(Ghang, 1993). Southern blot hybridization analyses revealed that two of these genes
designated hvcrS and hvcrll belong to a small gene family (Gana et al., 1997). The
transcript size for hvcr21 is 690 nt. Northern blot hybridization analyses revealed that
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hvcrll is regulated by low temperature (Chang et al 1993). The function of the class of
proteins encoded by this multi-gene family has yet to be elucidated.
This study was undertaken to generate the necessary tools to examine the location
and possible function of the encoded protein HVCR21 in planta.
We have placed the cDNA insert corresponding to the complete coding region under
the control of the lac promoter. Successful expression of the protein in E.coli will allow
us to test an antibody generated against the imtmogenic region of the deduced amino acid
sequence. The antibody will then be available for in planta studies.
MATERIALS & METHODS
Primer design
The sequence of the coding region for pHVCR21 (Accession No, L28092, Chang et
al, 1996) was analyzed and primers with Pst I and Sac I restriction sites designed and
synthesized (Figure 1.). Two different restriction sites were chosen, since the aim was to
directionally subclone the fragment. The 5' primer was designated primer 1. The 3'
primer was designated primer 2.
Isolation of HVCR21 ORF from pHVCR21
PCR amplification of HVCR21 ORF was performed with primers 1 and 2. Template
pHVCR21(50 ng), 500 uM dNTP, primer 1 and primer2,5U Taq polymerase in a final
volume of 50ul. Amplification was performed in thin walled reaction tubes in an Idaho
Technology Rapid Cycler using the following program; Link (H2-C5-H4)= 94 C 50 sec,
95 C 30sec, 40 C 1 min, 72 C Imin, 29 cycles , 72 C 10 min.
Subcloning into pCR4-TOPO
The resulting amplicon was added directly to the ligation reaction containing the
pretailed pCR4-T0P0 vector (Invitrogen life Technologies) and incubation performed at
room temperature for 5 min[utes] then transferred to ice. One Shot TOPOlO cells
(E. coli strain Topo 10 F' {laclq....}) were transformed with 2 ul of the PCR reactions.
The transformation mixture (50 ul) was spread on LB 50ug/ml Kanamycin and incubated
overnight at 37C.
Verification that transformants contained first construct, pTOPO-HVCR21
A PCR master mix consisting of PCR buffer, dNTPs, primers land 2 and Taq
polymerase at concentrationslisted above was prepared.Ten colonies were picked and
individuallyspotted on an LB 50ug/ml kanamycin plate before resuspendingin 20 ul of
the master mix. The reaction was placed in the Idaho Technology Rapid Cycler using the
previouslydescribedprogramwith an additionalfirst 10 min[ute]94 C incubation. The
inoculated plate was incubated overnight at 37 C and served as a sotu-ce for the positive
clones.
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Preparation of pQElOO for insertion of Sac I/Pst I pTOPO-HVCR21 insert
pQElOO (Qiagen Inc.)contains a double tag.5' to the MCS is a 6xHis tagand
3' to the MCS is the Tag 100.pQElOO was restrictedwith Sac I and Pst I. The Sac
I/Pst I vector fragment was purifiedfrom the MCS Sac I/Pst I region by column
chromatography.
Preparation of pTOPO-HVCR21 insert
A positive colony fromthe pCR4-TOPO/ HVCR amplicon ligation transformation
was streakedfor purity on LB 50 ug/ml Kanamycin.A single colonywas used to start a
5 ml cultme and a miniplamid isolationprocedureperformed. The resultingplasmid
designated pTOPO-HVCR21 was doubledigestedwith Sac I and Pst I. The resulting
products wereresolved on a 1.5% agarose Trisacetate gel.The 261 bp SacI/PstI
fragment representing thepHVCR21 coding region (Figure 2) waseluted from the gel
slice.
Generation of pQEl(K)-HVCR21
The purified Sac1/Pst I pQElOO vectorwasligatedto the gelelutedSac1/Pst I
pHVCR21 fragment in thepresence ofT4DNA ligase, DTTandATP as perinstructions,
Novagen Inc.
E. coli strain Topo 10 F' {laclq....} was transformedwith the ligation reaction and
50 ul of the transformation mixture was spread on LB plates containing 100 ug/ml
Ampicillin.
Verification that transformants contained new construct pQE100-HVCR21
Since the HVCR21 insert of pQE100-HVCR21 was flanked by Primer 1 and 2,
PCRamplification wasperformed withPrimers 1and2 withsingle transformants from
theprevious ligation. ThePCRproducts wereresolved on a 2%agarose, TrisAcetate gel
(Figure 3).
A positive transformant wasstreaked for purity. Plasmid DNA wasisolated andthe
engineered region sequenced (Figure 4).
RESULTS
Isolation of HVCR21 ORE from pHVCR21
The designed HVCR21 primers 1 and 2 are displayed in Figure1 relative to the
HVCRcodingregion.Since the pQElOO vectorinto whichit wouldbe ligatedcontained
the start codon ATG 5' to the MCS, the endogenous HVCR start codon was not included
in Primer1.
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Primer 1
GAGCTCGCAAAGTGTCTCG
Nucleotide sequence:
GAGCTCGCAAAGTGTCTCGCCGCCGCGCTCCTGCTACTG
GTGGTGCTCGCGTACTGCGACGGTAGGGAGCTGAACCAG
AAGGACCAGGCACTAGCAACGGCACGCGGTGCCGGTGC
CGGTGCCGGTGGTGGCGTCGGCGAGGAGAAGATCTTGGG
GTTGCCAGAGTTGCCGCTTGTGGGAACCGTTACCGGTAC
CAGCACCGTrACCGGTCCGGTGGTGGTGCTTCCTGCCCrr
CCTGGGATCCCTGCTCACCCACTGCAG
Primer 2
CTGCAGTGGGTGAGCAGG
Primer 1 was designed with Pst I site
Primer 2 was designed with Sac I site
This facilitates insertion into pQElOO vector
Figure 1. HVCR21 nucleotide sequence
The result of an amplicon of approximately 261 bp in the reaction containing
pHVCR21 plus primers indicated that the PGR was successful. No product was observed
in the control reaction minus template (data not shown).
Preparation of pTOPO-HVCR21 insert
The amplicon ligated into pCR4-T0P0 (Invitrogen, inc.) produced the plasmid
designated pTOPO-HVCR21. Digestion of pTOPO-HVCR21 with SacI/ PstI (lane2,
Figiu'e2) produced two fragments. The 261 bp fragment contained the HVCR21
sequence and a 4 kb fragment corresponding to the pCR4-T0P0 vector.
Figure 2. Pst I/Sac I double digest of pT0P0-HVCR21
Lane1.1 kb DNA ladder. Lane2. Pstl/SacI pT0P0-HVCR21
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Generation of pQE100-HVCR21
The SacI/PstI digest of pQElOO (Quiagen inc.) resulted in a single fragment visible
by agarose gel electrophoresis. The insert was not detectable due to its short length
within the multiple cloning site (data not shown).
The product of the ligation of the SacI/PstI pQElOO and SacI/PstI 261 bp HVCR21
fragment produced the protein expression plasmid designated pQE100-HVCR21.
Result of analysis of the transformants with the ligation products is depicted in
Figure 3.
Figure 3. PGR analysis of putative pQE100-H\/CR21 transformants. Lane 1.1 kb DNA
ladder. Lane 2. PGR control minus template. Lane 3-15 PGR plus single transformants as
template.
Transformants corresponding to lanes 10-15 (Fig 3) were considered positive for
proper insertion of SacI/Pstl HVCR21 insert into SacI/PstI pQElOO vector. The resulting
plasmid was purified for sequencing.
The result of sequencing across the engineered region of the plasmid produced from
a pQE100-HVCR21 transformant is depicted in Figure 4.
atgagaggatcgcatcaccatcaccatcacggatccgcatgcgag
MRGS HHHHHHGSAGE
ctcgcaaagtgtctcgccgccgcgctcctgctactggtggtgctc
LAKGLAAALLLLVVL
gcgtactgcgacggtagggagctgaaccagaaggaccaggcacta
AYGDGRELNQKDQAL
gcaacggcacgcggtgccggtgccggtgccggtggtggcgtcggc
ATARGAGAGAGGGVG
gaggagaagatcttggggttgccagagttgccgcttgtgggaacc
EEKILGLPELPLVGT
gttaccgtaccagcaccgtaccgtnccgtgtggctctnc
VTVPAPYRXVWLX
Figure 4. Sequence of N-terminus coding region of pQE100-HVGR21.
Note the 6x His tag from pQElOO (red) and Sad restriction site (blue).
The immunogenic region for HVGR21 is highlighted in green.
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CONCLUSION
Based on the sequence analysis of pQE100-HVCR21,we have successfullyplaced
the cDNA for the barley cold-regulated gene hvcrll under the control of the lac
promoter. It is now possible to induce expression of HVCR21 in E. coli. We will then
analyze the protein products and verify that the anti-HVCR21 peptide antibody generated
in an earlier study recognizes the recombinant protein.
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UNIVERSITY POLICE DEPARTMENT 7
A Statistical Analysis to Improve Public
Perception of a State University's Police
Department
Authors: Stephanie Davis,Terri French, Nancy Stuefen'
Faculty Advisor: Caroline Mitchell
Department: Rural Sociology
*The order of authorship represents that this paper was a collaborative effort.
ABSTRACT
This paper addresses the question "How Mendly is the University Police
Department?" (UPD). This question was included in a survey given to 792 students at a
Midwestern State university in October 2002 and was conducted by the university's
Introduction to Criminal Justice class. Survey results indicated that 35% of the survey
respondents said that UPD was "not very friendly" 27.9% indicated UPD was "somewhat
friendly" 18.8% indicated UPD was "never fnendly," and 3.7% indicated UPD was "very
friendly." The rest of the respondents (14.7%) did not respond to the question. The
proposed program recommendation outlined in this paper were developed in an effort to
improve student perception of UPD. Program recommendations include the addition of a
six-credit, two-semester class to the required curriculum for a Criminal Justice minor at
the university, formation of a student-police association modeled after the Boy Scouts of
America Explorers Program, creation of a UPD web page, and the acquisition of a surplus
vehicle to provide safe and sober rides home for students who have consumed alcohol.
INTRODUCTION
Community policing, according to Albanese, is defined as "A service-oriented style of
law enforcement that focuses on disorder in the community, crime prevention, and fear
reduction, as opposed to the traditional focus on prosecution of serious street crimes"
(Albanese 2001). Community policing has become a popular subject within law
enforcement agencies and the media since the mid-1980s (Community Oriented Policing
Services 2002).
The idea of bringing together police and the communities they serve appears to be a
good one, in theory. To say that community policing in general has solved all problems in
police-community relations, however, would be unrealistic. It is difficult to point to any
one explanation for this reality. An examination of community policing practices at
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American universities and a comparison of university socio-demographic characteristics
between the subject university and other midwestem university communities was
conducted. The Index Crime Rates for several midwestem states were also examined for
comparison study. The purpose of this paper is to address issues of police/student/
community relations on the university campus and provide recommendations for more
effective community relations.
LITERATURE REVIEW
Many somces address conununity policing programs in cities that are primarily
urban and have high crime rates. Few, however, address community policing within
imiversity poUce departments, and the subject of community policing in rural
communities is imderstudied. Rural communities are operationalized by several
parameters, including demographics, economics/occupational, social structure, and
culture (Weisheit et al. 1999). Weisheit et al. define "rural" as:
"A broad, multifaceted umbrella term referring to an array of
different attributes, variables, and dimensions that, while historically
correlated, cannot be meaningfully reduced to a single category or
number" (Weisheit et al. 1999).
The majority of incoming freshmen to the subject university for the fall 2001-02
semester came from high schools with a graduating class size of between 25 and 99
students (Table 1). This study will define "rural communities" using the size of high
school graduating class of students admitted to the university in fall 2001 (Table 1).
High School Graduating Class Size # of New Enroiiees - Fail 2001
Fewer than 25 161
25-99 547
100-199 220
200 - 399 265
400 - 599 83
600 - 899 18
900 or more 20
No response 56
TOTAL ENROLLEES 1,370
Table 1: Size of High Schooi Graduating Class for Students Enrolled in Subject University
for 2001-02 School Year. Source: (ACT 2001).
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Crime Index rates are often used by law enforcement agencies to measure the
amount of crime in a particular area. The Crime Index Offense rates in several cities in
the state where the university is located, including Brookings, Sioux Falls, Aberdeen,
Vermillion, and Yankton, show that, with the exception of Aberdeen, Brookings has a
lower Crime Index Rate than all of the other cities (Figure I) (SD DCI2002). Vermillion,
Aberdeen and Brookings are home to state-owned tmiversities. Yankton has a private
university and Sioux Falls, the largest city in the state, is home to two private
universities. Watertown is located less than 100 miles from the city where the imiversity
is located and has a similar sized population.
4000
3000
2000
1000
Index Crimes per
100,000
Figure 1: UCR Crime Index reports (per 100,000) for cities in the subject state for the year
2000. (CJUS 201-02 2002)
A review of Crime Index rates in North Dakota, Nebraska, Missouri, Minnesota, Iowa
and South Dakota indicates that crime rates in these states are low, particularly in North
and South Dakota (Figure 2) (FBI 2002).
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Figure 2: Comparison of UCR Crime Index reports for Midwestern states for year 2000
(FBI 2002)
The definition of "rural communities" and the URC Crime Index data are presented
as backgroimd information for the proposed interventions to be utilized to bring (UPD),
students, and the community together from a community policing perspective. A review
of literature relevant to this proposal is discussed throughout the paper, in detail, as each
program is outlined.
SUMMARY OF SURVEY RESULTS
Smdents enrolled in the university's Introduction to Criminal Justice (CJUS 201-2)
course administered a survey on the subject of UPD in October 2002. A total of 792
responses were compiled from this siuwey. Survey questions were selected by the
instructor from a list of possible questions developed by class members and the hook
titled Community Policing for Law Enforcement Managers by the Illinois Criminal
Justice Information Authority (Illinois Criminal Justice Information Authority 1995). The
subject of this paper focuses on one of these survey questions, as well as responses
related to that question (CJUS 201-02 2002).
As the title suggests, this paper outlines several proposed programs that might be
used to begin the process of improving student-UPD relations. In particular, this paper
addresses the question relating to the "friendliness" of UPD officers (Figure 3). Of the
792 respondents, 35% (277) said that UPD officerswere "not really fnendly," 27.9%
(221) said that UPD officers were "somewhat friendly," 18.8% (149) said UPD officers
were "never friendly," and 3.7% (29) said UPD was "very friendly."The rest of the
respondents (14.7%, 116) did not answer the question.
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Very Somewhat Not Very Never
Friendly Friendly Friendly Friendly
(29) (221) (277) (149)
Unknown
(116)
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Figure 3: CJUS 201-02 Survey responses to the question: "How friendly is UPD?" (CJUS
201-02 2002)
Survey respondents were also asked to indicate their academic class at the
University. Of the 792 respondents, 255 (32.3%) were freshmen, 253 (32.1%) were
sophomores, 133 (16.9%) were juniors, 108 (13.7%) were seniors, 40 (5.1%) indicated
their status as "other," and 3 (<.003%) did not answer the question (Table 2).
Academic Class Status
Number of
Survey Respondents
Freshman 255 (32.3%)
Sophomore 253 (32.1%)
Junior 133 (16.9%)
Senior 108 (13.6%)
Other 40(5.1)
No response 3 (.003%)
Table 2: Survey respondents by academic class (CJUS 201-02 2002)
Sixty seven percent (67%) or 531 of the survey respondents stated that they had
been in direct contact with UPD. Those who had direct contact with UPD were asked
to give the reason for the contacts (Figure 4), including Requests for Police Help
(No: 88.2%, Yes: 11.8%), Traffic Violations (No: 58.8%, Yes: 41.2%), Parking
\fiolations (No: 28.3%, Yes: 71.7%), Behavioral Warnings (No: 56.3%, Yes: 10.2%),
Arrests (No: 92.8%, Yes: 7.2%), or Providing Information to UPD (No: 92.2%,
Yes: 7.8%).
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Figure 4: CJUS Survey Results: Reason for UPD Contact (CJUS 201-02 2002)
A statistical analysis of the survey indicates that the results of the cross-tabulation
and the Chi-Square tests were not what the predicted outcome should have been
according to the paired samples test. The paired samples test shows that students who
had not come in direct contact with UPD stiU felt that the officers were unfriendly. The
95% Confidence Interval of the Difference shows a lower of -3.02 and an upper of -2.85
when very few students had been issued a citation by UPD. At least one of the numbers
should have been positive given the low number of students who have been reprimanded
by UPD. The results of the Chi-Square test showed -69.557 at a significance level of
0.001 (2-tailed test).
Count Friendly UPD* Arrest Crosstabulation
Arrest
Totalno yes
Friendly Very friendly 16 1 17
UPD Somewhat friendly 144 7 151
Not really friendly 194 10 204
Never friendly 99 20 119
Unknown 35 35
Total 488 38 526
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Chi-Square Tests
Value df
Asymp. Big
(2-sided)
Pearson Chi-Square 22.225® 4 .000
Likelihood Ratio 21.036 4 .000
Linear-by-Linear 3.574 1 .059
Association
N of Valid Cases 526
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2 cells (20.0%) have expected count less than 5. The minimum expected
count is 1.23.
Figure 5: Friendly UPD Crosstabulation and Chi-Square Tests
Freshmen comprised 32.3% of the survey respondents and 32.1% were sophomores.
This survey was administered in the month of October, approximately five weeks into
start of the school year. A question one might ask is "Why did the students form these
overwhelmingly negative perceptions of UPD so soon after arriving at the university?".
With the exception of parking violations, the majority of the respondents stated that they
had not received a citation from UPD for a violation of the law. This may be the most
telling statistic of all in this sm-vey. Individuals may experience a negative reaction to
police officers in general, especially when contact with law enforcement personnel is in
an official capacity, whether it be for a traffic violation, behavioral warning, or arrest.
Another question one might ask is: "Why are UPD officers seen in such a negative
light?". The programs proposed in this paper will provide a vehicle for UPD to interact
with students in a more positive way, with an ultimate goal of changing the perception of
UPD by smdents at the university.
PROPOSED PROGRAM FOR UPD
This proposal includes three main components. A detailed discussion of each
component, including estimated costs and potential funding sources, follows.
Component One
A program implemented at the School of Law Enforcement at Metropolitan State
University located in St. Paul, Minnesota is discussed in the paper titled "Mentorship
Programs: Bridging the Gap Between Theory and Practice" by Michael G. Breci and
Mary Schober Martin (Breci &. Martin 2000). Brecci and Martin discuss the importance
of removing students from the classroom to get "real world" experience in the Criminal
Justice field through the partnership of smdents with law enforcement officers. This
experience was seen as mumally beneficial to all involved. A similar program, called the
"Smdents on Patrol Program" (STOP), was implemented at Illinois State University
(ISU) in 1990. This program encompasses several dimensions, including bicycle patrols
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on campus, a "Residence Hall Officer Program," providing information to students about
theft and burglary prevention, a fingerprinting program for children of smdents, and self-
defense training for female students.
"STOP has been instrumental in the detection and apprehension of
violators on the campus. The STOP program has also been the focus
of discussion at state and national conventions on empowering
students to create a safer university commimity. ISU is very proud of
STOP. Bike patrols not only have benefits related to coast of
operation and ability to silently patrol areas while almost invisible on
a college campus, but have proven to be a great asset in the area of
community contacts. The 'Residence Hall Officer Program' (RHOP)
officers serve as direct links with the police department and are a
primary soiu-ceof information and programming. Officers, through
programming and other activities, become familiar with the residents
of the residence halls and therefore become known and accessible to
the residents" (Gehrand 2000).
As this article indicates, integrating University Police and students at ISU through the
STOP program has successfully improved campus conditions and police-student
relations at ISU (Gehrand 2000).
In an effort to bring UPD and students together in a mutually beneficial program,
the first component of this proposal involves implementation of a joint UPD/student/
community organization program at the university. This program will partner students
with UPD officers to assist with routine operations on campus, in exchange for valuable
college credits and experience. This requires the formation of a six-credit, two-semester
(minimum) course that will become part of the required curriculimi for a Criminal
Justice Minor.
Acronyms are used extensively in American culture. Assigning an acronym to the
UPD/student/community organization that is both easy to remember and one that
portrays a positive, community-based image is imperative to the program's success. The
phrase "Together Everyone Achieves More," with the acronym of T.E.A.M., satisfies
both of those requirements. The full name of this group will be the "Jacks Discovery
T.E.A.M.," or JDT. Members of the JDT will accompany UPD officers on a variety of
activities, such as routine patrols, secmity assistance at athletic and other events on
campus, dorm security, and escort services. In order to be accepted into JDT, individuals
will be required to pass a routine background check. The JDT will be a part of the
university ciuriculum. Therefore, students must meet basic university requirements for
enrollment in the JDT course, just as they do for other courses at the university.
This component is modeled after the "Explorer" program, which is funded through
Boy Scouts of America. High-school aged students may join the Law Enforcement
Explorers as a way of examining a career in law enforcement. Explorers work with
participating police departments and are involved in a variety of police activities,
including riding with officers on routine patrols, training in proper police procedure, such
as handcuffing techniques and firearms training. Currently, there are approximately 720
high school smdents involved in the Explorer program in six cities located in the eastern
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part of the study, and two cities in a neighboring state (Anderson-Horecka 2002).
Individuals who have been members of the Explorers in high school will receive special
consideration for acceptance into the university's JDT course. A minimum number of
hours of actual on-the-job time (with UPD officers) will be required per semester in
order to meet course requirements. Students will also be required to attend training with
UPD staff on rules and procedures. The students will be directly supervised by a UPD
officer at all times while on duty. As part of the requirements for this course, JDT
members will organize and give presentations to university students on a variety of
topics, which could include rape and personal assault prevention, protection of valuables,
general crime prevention, and career opportimities in criminal justice. In addition, JDT
could also become a part of the Criminal Justice Club that currently exists on the
imiversity campus.
In order to add a course to an existing degree program at the university, an on-fine
applicationmust be filed with the state's Board of Regents. Regental approvalrequires
applicants to demonstrate that the course will benefit both the imiversity and students
educationally and financially. Demonstrating the benefits of the JDT program to the
Board of Regents will not be difficult.This course will serve the Universityby improving
UPD/student/community relations, and it will create a more comfortable and secure
campus for all students and staff. In an era of budget tightening, JDT can help
accomplish this goal at minimal cost to the university.Adding JDT to the university
curriculum will also benefit students by giving them an opportunity for additional
training to enhance their degree program, and give them valid real-world law
enforcement experience. Students who participate in JDT will be more marketable to
prospective employers upon completion of their degree program.
ESTIMATED COSTS
The costs to add a course to the university curriculum are limited to staff training on
proper University procedures regarding instructional guidelines. This training will be
provided by the university.The state Board of Regents administers the Dwight D.
Eisenhower Professional DevelopmentProgram (Public Law 110-382).This program
provides 84% of the funding required for implementation of a program such as the JDT
course. It also provides instructors, administrators and staff with high quality, sustained
and intensive personal development training. Applications for funds are collected and
evaluated on a competitive basis. Awards from this program could be used to train
instructors, officers and students, and provide funds for travel to allow staff and students
to attend training seminars and workshops (SD BOR 2002). Costs for teaching materials
required for this course are difficult to estimate. Possible expenses could include
textbooks and other teaching materials, which are chosen by each individual instructor.
Therefore, it is difficult to determine what these costs would be until the course is
actually added to the university curriculum. Students who enroU in the JDT course will
pay the same tuition rates as for other courses at the university. Students may be required
to pay additional fees beyond university-mandated fees to cover costs for other items
necessary for the JDT class (i.e. items of clothing, equipment belts).
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Background checks: $39.00 per person for JDT students
Source of funds: UPD Ftmds
Other costs: Unknown
Component Two
The University Police Department currently does not have a web site. The second
component of this proposal is the creation of a UPD web site, which will be added to the
imiversity's main web site. College students in the 21st century are very Internet savvy,
as shown by the following statistics on Internet use by young adults and rural Americans:
"The study 'A Nation Online: How Americans are Expanding Their
Use of the Internet,' published by the National Telecommunications
and Information Administration and the Economic and Statistics
Administration found that 143 million Americans (54 percent of the
population) used the Internet in September, 2001. Ninety percent of
children between the ages of 5 and 17 (48 million) now use
computers, the study foimd. Three-quarters of 14-17 year olds and 65
f)ercent of 10 to 13-year olds use the Internet. From 1998 to 2001,
Internet use among people living in rural households has grown at an
annual rate of 24 percent, and the percentage of Internet users living
in rural areas is nearly even with the national average (53 percent
versus 54 percent)." (CyberAtlas 2002)
Creating a UPD web page will be a key component of the strategy to improve relations
between UPD, students and the community, access to information and guidelines, and
promoting a more positive image of the department. While developing the concept for
this component, a simple Internet search yielded several very good university police
department web sites (google.com 2002). These web sites contain a wealth of
information and ideas that could be used to assist in the development of the new UPD
web site. One example is the University of Oklahoma's Police Department site (UOPD
2002). This web site is an outstanding source of information on several topics relative to
university community policing, including crime prevention, personal and Internet safety,
drug and alcohol abuse awareness, first-aid and health information. Another high quality
example of a UPD web site is maintained by the University of Texas at Dallas police
department (UT-Dallas 2002). Their web page includes features such the "Ask-A-Cop"
and "Silent Wimess" programs for student use. One feature on the University of
Minnesota-Mankato Security Department's web site advertises free vehicle unlocking
and jumpstart services for students on their campus (MSUM Security 2003). The
University of Texas at Dallas and Minnesota State University-Mankato web sites both
include an on-line parking violation appeal form. This subject will be discussed in detail
in the following section.
Our study indicates that citations for parking violations are a source of ill wiU
between UPD and smdents (CJUS 201-02 2002). Conclusions of an interview with the
UPD Office Manager show that an Internet-based parking ticket appeal could improve
UPD perception by students. It is not unusual for smdents to feel animosity toward the
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UPD office when students visit UPD in person to appeal a parking violation (Behrens
2003). Utilizing the Internet to file appeals will provide "neutral ground" for students
who wish to contest a parking violation and will allow UPD to address more pressing
issues. It will also assist students by making the appeal process more accessible given
their demanding schedules. Of the CJUS class survey respondents, 71.7% (567) said that
parking violations were the reason for direct contact with UPD (CJUS 201-02 2002). An
Internet appeal process will be a step forward for the UPD and university as a whole,
making students less apprehensive about interacting with officers and staff. The goal of
this paper is to improve student perceptions of UPD and this proposal could become an
important, easily accomphshed, and cost-effective step toward reaching this goal. Table 4
highlights key features found on selected university police department web pages.
University
Name
Safety
Awareness
Info
Self
Defense
& Rape
Defense
Means
to contact
UPD
Parking
Ticket
Appeal
Crime
Hp Line
Crime
Prevention
Info
Alcohol
& Drug
Abuse
Info
Univ. of Texas
at Dallas
X X X X X X X
Univ. of
Oklahoma
X X X X X
Univ. ofWI
at Madison
X X X X X
Millersville
Univ. (PA)
X X X X X X
Minnesota State
Univ. Mankato
X X X X X
Table 4: Features of selected university police department web pages. Sources: (UT-Dallas
2002), (UOPD 2002), (UWPD 2003), (MUPD 2002), (MSUM Security 2003).
ESTIMATED COSTS FOR WEB PAGE DEVELOPMENT
Software purchase: Dreamweaver™ (required by university): $350.(X)
Student (Work Study) salary for web page creation for one semester: $250.00
100 hours X$2.50/hour (Hourly salary = $10.00/Actual cost to UPD is
25% ofthe total salaryfor Federal WorkStudy-eligible students)
Total Cost: $600.00
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SOURCE OF FUNDS
A potential funding source for development of the UPD web site is the Commimity
Oriented Policing Services (C.O.RS.) Grant Program, which was created in 1994. The
C.O.P.S. grant program:
"provides funding for advance community policing in jurisdictions of
all sizes across the country. Community policing represents a shift
from more traditional law enforcement in that it focuses on prevention
of crime and the fear of crime on a very local basis. Community
policing puts law enforcement professionals on the streets and assigns
them a beat, so they can build mutually beneficial relationships with
the people they serve. By earning the trust of the members of their
communities and making those individuals stakeholders in their own
safety, community policing makes law enforcement safer and more
efficient, and makes America safer" (Community Oriented Policing
Services 2002).
Component Three
The third component of this proposal is integrated with creation of the Jacks
Discovery T.E.A.M. (IDT). Together, these components will enhance the potential of
UPD and IDT to create goodwill among the student population, while enhancing the
safety of the entire community.
Alcohol use is prevalent on this university's campus, as it is on many other
university campuses across the United States. Underage drinking is also widespread on
this university campus. In 2001,259 arrests were made on campus by UPD for liquor
law violations, and 581 liquor law violation arrests were made by local and state police
in the university community (University Division of Student Affairs 2001). A film titled
Primary Influence discusses underage drinking by teens as follows:
"Statistics show that young people are drinking younger and more
frequently than previous years, often beginning around the age of 13.
The average number of alcoholic drinks among college students is 5,
according to a recent survey. Among those under 21, it is 5.5 drinks,
and among those 21 and older it is 4.2 drinks" (ImageMaster
Productions Inc. 2000).
The March 2002 issue of the Journal ofAmerican College Health published data
obtained from a survey of more than 10,000 full-time students at 119 universities in 38
states and the District of Columbia. The findings of this study indicated: "Underage
students drank alcohol less frequently than older students but were more likely to drink
to excess. Such students consumed 48% of the alcohol that undergraduates reported
drinking" (Marklein 2002).
The legalities of underage drinking will not be discussed in this paper; however,
everyone is aware of the dangers of drinking and driving. To address this issue in the
university community, JDT wiUparmer with UPD to obtain a Federal or state surplus
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passenger van, which will be called the JDT "F.A.N." (Friends are Nice) Van. This van,
operated by JDT members, will provide free, sober rides home for university students
who have consumed alcohol. Students who need a ride can simply call a local phone
number (688-TEAM, for example), which will be received in a central JDT location.
JDT F.A.N. Van drivers will be dispatched to the students' locations via cell phones, and
students will be driven to their homes, with no questions asked. JDT members will be
required to operate the F.A.N. Van for a minimum number of hours per semester in order
to meet JDT comse requirements.
In order for such a program to be successful, it must be marketed to the students.
There are a number of ways this could be accomplished. Public Service Announcements
(PSAs) are an excellent way of advertising a service such as the JDT F.A.N. Van. There
are two AM radio stations and two FM radio stations in the city that can be utilized for
this purpose. Flyers and business cards will be created and distributed around the campus
and in the city. The business cards will also be placed in each bar in the city on a regular
basis. Bar staff can distribute the business cards to patrons as they enter the
establishment, and business cards and flyers can be posted in highly visible areas
throughout the establishments. In addition, small refrigerator magnets will be created and
distributed to students who attend fall and spring course registration on the university
campus. Local newspaper media and the weekly university newspaper will be contacted
about the JDT and F.A.N. Van program so that a feature story can be written about the
program to provide region-wide, no-cost publicity.
While on duty, each JDT F.A.N. Van staff member will wear a t-shirt to identify
them as members of JDT. Logos have been designed for the shirts and are included in
Appendix A. The following table outlines estimated costs for the JDT F.A.N. Van.
T-shirts for JDT members
(4-color screen print, 60 shirts @ $13.50 each Graphics Company)
$ 810.00
500 Business cards for distribution 70.00
Magnet paper for printing 10,000 - 2" x 2" magnets
(Business supply company)
2,000.00
Four Cell phones for JDT
(Cellular phone company)
40.00/month
Land Phone Line
(Telecommunication company)
22.00/month
Routine Vehicle Maintenance 30.00/month
Van Detailing
(3 color vinyl appliques -Graphics company)
150.00
Paper and copying costs for flyers produced at no cost
by local printing company
-0-
Table 5: Estimated costs for JDT F.A.N. Van
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SOURCE OF FUNDS
Some of the costs outlined above could be covered by UPD departmental funds.
The above figures do not take into account possible donations and/or discounts that
could be obtained from these and other local businesses. The city's business community
has historicallybeen very generousto studentgroups.It is anticipatedthat most of these
costs will be absorbed by area businesses.Additional funds could be obtained from fund
raisers such as a local pizza restaurant's fundraising program, which donates a portion of
an evening's proceedsfor groups whosepersonnelwork as servers in the restaurantfor
that evening.
CONCLUSION
The overwhelmingly negative perception of the University Police Department by
students, as shown in the Criminal Justice class survey, is troubling and should cause
concern for the entire campus community. Improving UPD/student/community relations
should be the focus of the entire campus community.The components proposed in this
papercan be used as a first step in the rightdirection towardimproving UPD/student/
community relations. Creating a more positive image of the UniversityPolice
Departmentand makingthe campusa safer and more comfortableplace will boost
the image of the university and the community as a whole.
APPENDIX A
JACKS DISCOVERY TEAM T-SHIRT DESIGNS
DESIGN FOR BACK OF T-SHIRT:
j acks
D iscovery
T earn
688-TEAM
UNIVERSITY POLICE DEPARTMENT
DESIGN FOR T-SHIRT FRONT, UPPER LEFT CHEST AREA:
Together
Everyone
Achieves
ore
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* Designs created by co-author Terri French.
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ABSTRACT
Two commercially available, qualitative, on-farm test kits (Midland BioProducts
Inc., Boone, lA), utilizing either serum or whole blood to evaluate failure of passive
transfer (FPT) of immunoglobulins, were evaluated using 38 Holstein calves. Results
from the kits were compared with refractometry determinationof serum proteins and
radial immunodiffusion determinations specific for IgG (RID; Triple J Farms,
Bellingham,WA).Blood samples were collected immediatelyfollowing birth before first
colostrum feeding and at 48 h. At birth, serum protein concentrations averaged 4.52 g/dl
and IgG averaged 8.6 mg/dl, respectively, for refractometer and RID. Forty eight hoiurs
after feeding colostrum, serum protein concentrations averaged 6.02 g/dl and IgG
concentrations were 2129.3 mg/dl. Feeding colostrum increased serum protein and IgG
concentrations at 48 h (P < 0.01). Serum protein concentrations determined by
refractometry and serum IgG determined by RID were positively and significantly
correlated (r^ = 0.78, P < 0.01) and the relationship is characterized as: serum protein,
g/dl = 0.0007 mglg5/dl + 4.5726. Adequate immune transfer was assumed when serum
IgG concentrationswere greater than 1,000 mg/dl or FPT with IgG less than 1,000
mg/dl.
Using samples of blood from calves collected prior to feeding colostrum, the
accuracy of the on-farm plasma kits for adequate passive transfer was 100% (n = 29).
The accuracyof the whole blood kits for assessingadequatepassivetransferof IgG on
samples from newborncalves was 95.5% with 4.5% false positives(n = 22). On blood
samples from calves fed colostrum, the whole blood kits presented4.5% false negative
readings and 0% false positives (n = 22). On the colostrum-fedcalves, the plasma kit
predicted passive transfer with 100% accuracy (n = 30).
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Thus,dairyproducers canuse thesequalitative assessment toolsto ensurethat
calves that test adequate for passive transfer do indeedhaveadequate bloodIgG
concentrations and avoid FPT in calf rearing systems.
Key words: Calves, Dairy, Immunoglobulin, Passive transfer
Abbreviations: FPT, failure of passive transfer; Ig, inununoglobulin;
PK, plasma kit; RID, radial inununodiffusion;
WBK, whole blood kit
INTRODUCTION
According to McVicker (2002), theeconomic value of passively acquired inununity
in bullHolstein calves is $23.04 per calf. Onecanassume thatthe value of a healthy
immiinp system in heifercalves would be significantly higher. Thus, theability to rapidly
and accurately assessthe immime statusof newborn dairyanimals is extremely
important to the dairyproducer. The onlywayto assessthe inununestatusis to measure
the level of circulating antibodies in the animal's bloodstream.
Antibodies are globulins that are synthesized undera directing influence in
vertebrate animals. Theyare responsible for the serological specificity of serumbecause
of theirability to reactwithantigens in someobservable way(Gray, 1970). Antibodies
thatcomprise themajority of theneonate's immune system arecalled immunoglobulins
(Ig).Goldsby, et al (2000) define immunoglobulins as an antibody or a heavy or light
polypeptide chain that is partof anantibody molecule. There arethree major classes of
Ig in cattle: IgGj andIgG2, IgA, andIgM.
TheIgMmolecule is thefirstto appear in response to immunization. Its presence in
the bloodstream is transient and limited in amount, failing to exceed 5-8% of the
circulating immunoglobulins. Aftera shortinterval in theimmune response, IgMis
overtaken andreplaced by IgGproduction, possibly by inhibitory antibody feedback to
antigen-sensitive IgMlymphocytes. TheIgG eventually comprise 75-80% of the
circulating antibody (Gray, 1970). TheIgG2 makes upapproximately two-thirds of the
IgGin serum(Butler, 1973). All species examined produce IgGandIgM,butmayvary
in their ability to produce the remaining classes (Gray, 1970).
Neonates relyon colostrum for passive immunization, or the acquisition of
immunity by receipt of preformed antibodies ratherthanby active production of
antibodies afterexposure to an antigen (Goldsby, et al, 2000). "Colostrum is a source of
immune components andnutrients to the neonate andcontains moreprotein,
immunoglobulins, non-protein nitrogen, fat, as,vitamins andminerals thanmilkdoes.
Because some vitamins do not cross the placental barrier, colostrum is the primary
source of these nutrients for the calf after birth" (Quigley, 1998).
Immediately afterbirth, neonate mammals possess theability to absorb these large
protein molecules through theintestinal epithelial cells. Eventually these cells willlose
theirability to absorb inununoglobuUns. Thisis whatis known as closure (Stott, et al,
1979). "Intestinal epithelial cells losetheirability to absorb intactmacromolecules after
about 24 h because of the maturation of the cells and development of the intracellular
digestive apparatus" (Quigley, 1998). "From birth until themaximum concentration of
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immunoglobulin in serum is reached is the period of absorption. Following the peak
concentration, there is a gradual decline in serum content due to discontinuance of
absorption and, presumably, to the reflected catabolism of the immunoglobulin in serum
and/or transfer to other metabolic pools, making the peak quite evident" (Stott, et al,
1979).
In a study looking at the immunoglobulin transfer in calves, conducted by Stott, et
al (1979), "The age at first colostrum feeding influenced closure as indicated by
differences in the mean closure time among the age groups for each immunoglobulin
class. The trend appears linear, with closure time earlier with calves fed at 0 h and the
period of absorption increasing with each increment of age up to 24 h when the final
colostrum feeding was initiated. The data indicate that as feeding of colostrum is
delayed, the estimated time for closure is also delayed. However, since the coefficient is
less than 1.0, the length of time that the calves absorbed the immunoglobulin decreased
as time to the initial feeding was delayed. Hence, in calves fed initially at birth, (0 h),
closure occurs at approximately 21 h for IgG, 23 h for IgM, and 23 h for IgA. However,
if feeding is delayed until 24 h after birth, then closure occurs at 33, 31 and 32 h for IgG,
IgM and IgA, respectively. Thus, the length of time the calf is actually absorbing
colostrum is reduced from about 21 h to about 8 h.."
Serum IgG concentrations of less than 10 g/L are termed failure of passive transfer
(FPT). In a study conducted by the National Animal Health Monitoring System, 40% of
all calves sampled between 24 and 48 h had IgG concentrations below the recommended
level of 10 g/L and over 25% had less than 6.2 g/L. That study indicated that over half of
the deaths of calves with serum IgG concentrations less than 10 g/L were attributed to
lack of IgG intake (Quigley, 1998). Things that influence the amount of IgG absorbed
are: sex of the calf, age at first feeding, body weight, amoimt of IgG consumed, and
colostrumquality (Quigley, 1998)."Colostrummust have a minimumIgGj
concentrationof 35.2 mg/ml to provide 100g of IgGj in 2.84 L. Similarly, for feedings
of 1.89L or 3.78L, the minimumIgGj concentrations were52.9 and 26.5mg/ml,
respectively" (Pritchett, et al, 1994).
The development of a healthy immune system is important for neonate dairy heifers
to survive to maturity. Knowing this, a method to assess the immune status of heifers on
the farm is needed. Midland BioProducts, Boone, lA, developed two on-farm test kits
that qualitatively assess whether the animal has FPT or adequate immune transfer. One
of these kits uses whole blood and the other uses serum. The objective of this project was
to determine the accuracy of these kits for diagnosing FPT in newborn calves. The
hypothesis was that producers who use these kits will be able to confidently rely on the
results of these kits, thus allowing proper steps to be taken to care for animals with FPT.
MATERIALS AND METHODS
Thirty-eight Holstein and Brown Swiss calves bom at the South Dakota State
University Dairy Research and Training Facility, Brookings, SD, were used for this trial.
Information collected, in regards to the general status of the calves, was calving difficulty
score, birth weight, amount of colostrum fed, method of colostmm feeding, and source
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of colostrum. Hematocrit readings, to assessthe clinicaldehydration levelof the calves,
werealso obtained. The kit resultswerecompared to reffactometry and a radial
immunodiffiision assay (RID) thatwas donated byTriple J Farms, Bellingham, WA. The
RIDresults wereconsidered the "goldstandard" for comparison and thatis howfinal
accuracy determinations were made.
Jugular vein blood samples were drawn following birth before first colostrum was
fed, and again 48h later using an 18-gauge needle and 20-ml syringe. Forplasma
collection, 10mlofblood were placed in a K3 EDTA vacutainer andinverted several
times toallow mixing of theanti-coagulant materials and blood andthen immediately
placed in a cooler with icepacks until thesample could be tested immediately at thelab.
For serumcollection, another10-mlof the samplewereplacedin a vacutainer without
additives andallowed toclotat room temperature for30-90 min. After sufficient clotting,
serum collections were centrifuged at 1200 x g for 10 min. The serum was then frozen at
-20°C until analyses could beperformed. Prior totesting with theMidland Quick Test
Kit Plasma Calf IgG (PK), samples were placed in a test tube rack and left at room
temperature for approximately 30min. Aftercompletion of thetestkits,thesamples
were refrozen.
TheMidland Quick Test KitWhole Blood CalfIgGtest(WBK) was performed
upon arrival at the lab. This test used the whole blood from the K3 EDTA sample. Upon
completion of the testkit, the blood wasthencentrifuged at 1200 x g for25 min. The
plasma portion was collected and frozen at -20°C.
Figure1 shows contents of thekits: a testcartridge, dilution vial and pipettes. The
kits aresimple touse. All the producer hastodoisobtain a blood sample and, depending
on whether thekit is for wholebloodkit or plasma, the serumis separated. Afterthe
serumor wholebloodis obtained, a filled pipetteof the sample is placedinto the dilution
vial andthepipette is flushed several times to mix thesample and ensure quantitative
Figure 1. Midland BioProducts TestKits forevaluation ofpassivetransfer of IgG incalves.
Kits are available forwhole blood or plasma.Each kit contains a test cartridge, dilution vials
and pipettes.
IMMUNOGLOBULIN IN DAIRY CALVES 27
transfer. The same pipette is then used to transfer the diluted sample onto the test
cartridge. After waiting at least 20, and not more than 40 min, results can be obtained.
These kits are a qualitative test. They specify adequate or inadequate passive
transfer. Inside the cartridge there is a complexing agent specific for IgG molecules. If
there are inadequate amounts of IgG in the sample (>10 mg/ml), the IgG does not
complex completely with the complexing agent and reacts with the immobilized "T" and
"C" lines. Two lines became visible; however, if there were adequate amoimts of IgG (<
10 mg/ml), the IgG complexes with the agent, the complex migrates through the'T"
indicator, and only one line is visible. The kits have with a built-in control mechanism.
Regardless of adequate transfer or FPT, the "C" line should develop. If it fails to develop,
it means the test was erroneous. Figure 2 shows what the cartridges look like after
completion.The top cartridge shows adequate immime transfer and the bottom indicates
FPT.
Colostrum was tested for IgG concentrations, with Quick Test Colostrum Kit
(Midland BioProducts, Boone, lA), and a colostrometer to insure that calves were
receiving adequate amounts of IgG in the colostrum they received. If frozen colostrum
was fed, the method and temperature of thawing was recorded, the temperature of the
colostrum was obtained before sampling and before testing with the kit, and a
colostrometer reading was obtained. To adjust the colostrometer reading to achieve a
corrected reading at 20°C, a formula developed by Mechor et al, (1991), of (uncorrected
reading -13.2 + (0.8 temperature (°C)) was used.
— ^ —
Figure 2. Completed test kits. A single line at "0" (upper strip) signifies igG concentrations
greater than 1,000 mg/dl and adequate immune transfer. Appearance of two lines at "C"
and'T' (lower strip) signifies failure of passive transfer.
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To determine the accuracy of the whole blood and plasma kits, both kits as well as
reffactometer readings, were compared with a radial immunodiffusion (RID) assay,
which is quantitatively specific for IgG. The refractometer (Figure 3) measures total
serum proteins in g/dl. It assumes that IgG is the largest portion of the total protein. By
refractometry, serum protein concentrations of greater than 5 g/dl are considered
indicative of adequate immune transfer. To use the reffactometer, a droplet of serum is
placed on the glass and the slipcover is placed on top. To obtain the serum protein
concentration, one must look through the ocular piece and read the appropriate scale.
The RID assay (Figure 4) worked on the basis of antibodies reacting to a particular
antigen. The wells on the plate were each filled to capacity with plasma or serum and
were allowed to incubate for 24 h. During that time, the antigen diffused through the
agarose gel that had a specific antiserum for IgG. A circle developed until equilibrium
between the antigen and antibody was reached. The diameter of the ring was a direct
function of the IgG concentration.
Figure 3. Refractometer. A drop of plasma Is placed on the glass and density of the
plasma Is read on a scale Inside the ocular piece. This density Is converted Into
concentration of protein In the sample. Concentrations of less than 5 g/dl of protein Indicate
failure of passive transfer of IgG.
Figure 4. Completed radial Immunodiffusion
assay (Triple J Farms, Belllngham, WA) for
determination of plasma IgG.
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RESULTS AND DISCUSSION
Serum protein concentrations, as determined by refractometry, at birth and at 48 h
are shown in Figure 5. The increase in proteins at 48 h can be attributed to the IgG that
were absorbed from colostrum before gut closure occiured.
The IgG concentrations, as determined by RID, are shown in Figure 6. At birth,
there are virtually no IgG in the calf, which is to be expected since IgG must be obtained
through passive transfer from the dam. After colostrum was fed, IgG increased to 2100
mg/dl of serum.
• Birth B 48 Hours
Figure 5. Serum protein concentrations at birth and at 48 h after feeding colostrum to
Hoistein calves as determined by refractometry. Concentrations of serum proteins less than
5 g/dl indicate failure of passive transfer of IgG.
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Figure 6. Concentrations of IgG in plasma of Hoistein calves collected at birth and at 48 h
after feeding colostrum as determined by RID assay. Concentrations of less than 1,000
mg/dl are considered failure of passive transfer of IgG.
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Figure 7 shows the relationship between serum protein levels and IgG
concentrations as a regression model. This project suggests that there is a
moderate linear relationship between total protein and IgG levels in the serum,
as r2 = 0.7807. The equationfor the slope of the line is y = 0.0007x + 4.5726
where y = serum protein in gl/dl and x = IgG in mg/dl.
To test the accuracy of the kits, results from the kit determinations were compared
with RID. Additionally, reffactometry and RID were compared with each other to test the
accuracy of the refractometry. In all comparisons, RID was considered to be the "gold
standard." Results were categorized as either false positives or false negatives. False
positive was defined as when either the kits or refractometer reported adequate immune
transfer and RID reported FPT. False negatives were defined as when either the kits or
refractometer suggested FPT and RID reported adequate immune transfer.
For comparing the accuracy of refractometry to RID there were 27 samples
obtained at birth. Refractometry yielded one false positive for an accuracy rate of 96.3%.
At 48 h of age, there were 31 samples obtained and testing with refractometry resulted in
0 false negatives and 1 false positive for an overall accuracy rate of 96.8%.
Comparison of the WBK to RID with 22 samples collected at birth resulted in one
false positive reading. Accuracy was 95.5%. Analysis by PK of the 29 samples collected
at birth resulted in no false negatives or false positives, for an accuracy rate of 100%.
Comparing samples collected at 48 h after feeding colostrum, 22 of the WBK analysis
resulted in one false negative and 0% false positives, for an overall accuracy rate of
95.5%. Of 30 samples collected at 48 h that were tested with PK, there were no false
negatives or false positives, a 100% accuracy rate.
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Figure 7. Regression model comparing serum protein levels obtained by refractometry and
IgG levels obtained by RID assays, r^= 0.7807and slope is y = 0.0007x + 4.5726. This
suggests that there is a linear relationship between IgG levels and total serum protein
levels; however, it also Illustrates a less than perfect relationship for reliance upon
refractometry for measurement of IgG concnetrations in blood.
IMMUNOGLOBULIN IN DAIRY CALVES 31
CONCLUSIONS AND IMPLICATIONS
The plasma kits tested in this study were 100% accurate, and the whole blood kits
were 95.5% accurate when compared with RID, a quantitative measure of IgG.
Reffactometry was 96.6% accurate when compared with RID. Use of the plasma kits
provides producers with a highly acciu'atetool for assessment of adequate immune
transfer in young calve. Use of the whole blood kit provides an assessment tool that is as
accurate as refractometry, yet does not require separation of plasma or serum from blood.
Based upon these results, both dairy and beef producers can confidently rely on the
results of these kits when assessing the immune status of their newborn calves. These
new kits provide producers with another tool in their production toolbox and allow them
to take the appropriate steps to successfully mzmagethose calves with FPT.
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ABSTRACT
Search of international DNA database, Genbank, produced eight barley cDNA EF-
la sequences with unique accession numbers. The length of these sequences varied
from an incomplete 502 bp to a full length 1646 bp encoding a 447 amino acid protein.
The knowledge that there are four EF-la gene family members in barley led us to query
whether all four genes were represented in the group of eight database submitted
sequences. Also of great importance was the correct assignment of gene family member
to its mRNA and protein expression profiles. Before we could begin to address the
expression studies, we undertook the task of ascribing to the published cDNA sequences
its grouping in the gene famUy. Bioinformatic tools were used to identify the 5' and 3'
UTRs of the cDNA sequences. The 5' & 3' UTR comparisons revealed that sequences
with accession numbers LI 1740 & Z23130 were identical. Thus these were designated as
derived from the EF-laA gene. Sequences BQ294517, BQ739965, & Z50789
represented the same gene family member designated EF-la B. BQ740018 was derived
from a third gene designated EF-la C. BQ740062 also differed enough to be classified
as derived from the fomth member of the gene family herein designated EF-la D.
Absence of 5' and 3' UTRs, for BQ739951 prevented designation with respect to gene
family. Thus it is placed in the family group U (unknown).
INTRODUCTION
Elongation factor 1 alpha (EF-la) is a multifunctional protein found in eucaryotes.
One of its major functions is to catalyze the binding of aminoacyl tRNA to the ribosomal
acceptor site (Riis et al., 1990; Browning, 1996). As part of the protein synthesizing
machinery EF-la has been shown to interact with microtubular cytoskeletal components
by binding actin (Yang et al 1990) and calmodulin (Durso et al 1994). It has also been
shown to function as a microtubule severing protein (Shiina et al, 1994; Gimgabisson et
al., 2001). Although we classically think of EF-la as involved in protein synthesis.
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Gonen et al (1994) have demonstrated that EF-la is essential for specific ubiquitin-
dependent degradation of certain acetylated proteins.
The multi-functionality of EF-la has led to the study of its expression in different
organisms, tissues and developmental stages. In plants, EF-la expression levels have
been shown to be higher in developing than in older tissue (Pokalsky et al 1989; Gallie et
at., 1998; Ursin et al 1991; Cameiro et al, 1999).
Environmental cues such as temperature, light and water stress have been shown to
have differing effects on EF-la mRNA and protein levels (Gallie et al, 1998; Berberich
et al, 1995; Aguilar et al, 1991). Aguilar et al., (1991) reported on the increase in EF-la
mRNA levels by light. Gallie et al, (1998) reported that heat shock had no impact on
EF-la levels in wheat leaves. However, Berberich et al, (1995) observed that in maize,
leaf tissue more highly expresses EF-la than does root tissue in response to low
temperature.
This report focuses on barley EF-la. Barley EF-la has also been found to be
regulated by cold temperatures (Dunn et al 1993; Chang, 1993; Sutton & Kenefick,
1994). Dunn et al, (1993) described an increase in EF-la mRNA levels in barley tissue.
Chang (1993) described a down-regulation of EF-la mRNA levels from barley tissue.
Both groups isolated the cDNA independently by differential screening of barley
meristematic cDNA libraries. However, both groups report opposite effects on EF-la
mRNA accumulation in response to cold.
As was stated earlier, differences in gene response could be due to development or
tissue type. However, observed differences could be attributed to regulation of different
members of the gene family. The number of EF-la gene family members varies among
plants. There are 10 to 15 genes in maize (Cameiro et al, 1990). Axelos et al (1989)
report 4 EF-la genes in A. thaliana. Nielson et al, (1997) reported that the barley
genome also contains a small EF-la gene family of 4 members.
In this study we investigated whether the reported EF-la cDNA sequences
correspond to the same or different gene family members. We have assigned the reported
sequences to specific groups. We present evidence that Dunn et al, (1993) and Chang
(1993) studied the affect of low temperature on the same EF-la gene family member,
EF-loA. The difference in their reports regarding the response of EF-la A to low-
temperature may be due to differences in the plant developmental stages or differences in
the experimental environmental and growth conditions.
MATERIALS & METHODS
Databases used
NCBI public database (http://www.ncbi.nlm.iiih.gov) was used to find all available
accession numbers for barley EF-la.
Biology Workbench (http://biowb.sdsc.edii/) was used to conduct analyses.
SIXFRAME was used to find the open reading frames of these sequences and to identify
the start and stop codons for later 5' and 3' UTR analysis.
CLUSTALW and MULTALIN were used to align the sequences.
BOXSHADE was used to color-code the prealigned sequences.
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Comparison Methods
Many separate comparisons were necessary in this study to get proper alignment, as
multiple alignments compiling the entire given sequence data from all eight cDNAs
caused faulty alignment with each attempted multiple alignment program. The cDNAs
were reanalyzed in smaller, more homologous groups according to visual comparisons of
incorrectly aligned sequences and further analyses that determined presence or absence
of specific untranslated regions (UTR).
RESULTS
NCBIDB Search
Search of NCBI produced eight accession numbers for barley EF-la cDNA
sequences (Table 1). These cDNAs ranged from a length of 502 bp to 1646 bp. Deduced
amino acid (aa) sequence analysis by SIXFRAME allowed the identification of the
proteins encoded by the eight cDNA sequences. The full-length EF-la protein is 447 aa.
Database search and aa comparisons revealed that all eight cDNAs encode an EF-la
protein. Comparison of deduced aa sequences with nucleotide sequences revealed that
cDNA sequences Z50789, Z23130, and L11740 represent the full-length ORF plus
portions of the 5' and 3' UTRs. The five remaining sequences BQ294517, BQ739965,
BQ740018, BQ739951 and BQ 740062 are incomplete, ranging from 643 - 502 bp.
Three of these five incomplete sequences contained either a 5' or 3' UTR. The final two,
BQ739951 and BQ740062, lacked both 5' and 3' UTRs (Table 1).
Accession # Complete Partial Sequence Partial Sequence Number
Sequence with an UTR No UTRspresent of bp
L11740 X 1646
Z23130 X 1560
Z50789 X 1608
BQ294517 3' UTR 502
BQ739965 5' UTR 634
BQ740018 5' UTR 620
BQ739951 X 643
BQ740062 X 624
Table 1. Status of EF-1a cDNAs present in Genbank
Sequences are listed as per Genbank accession number. Sequences designated
Complete are those containing the coding regions as well as all or most of that for the 5'
and 3'UTRs. Those missing part of the coding region are designated as Partial.
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Comparison ofdeduced Amino Acid Sequences
The cDNA sequences LI 1740,Z23130, Z50789, BQ739965 and BQ740018 were
chosen because they all contain theregion coding for the5'UTRandsome of thecoding
region. Thus the available deduced aa sequences for thesecDNAs corresponded to
mainly the N-terminus could be aligned (Figure 1A). LI 1740 aa sequencewas shown to
have the highesthomology with that of Z23130. Of the 200 aa comparedthere were4
differences. There was no difference between the two aa sequences of Z50789 and
BQ739965 until position 181. Aminoacid sequencefor BQ740018 appears to be the
most dissimilar (Figure lA).
The cDNA sequences LI 1740,Z23130. Z50789, BQ294517 and BQ739951 were
chosen for a separate .study, since they all contain part of the coding regionand the
region encoding the 3'UTR. This allowed for the alignment of the deduced aa sequence
representing mainly the C-terminal regions (Figure IB). As with the first comparison
across the N-terminus. the deduced aa sequences were identical for that of LI 1740 and
Z23130. Z50789 and BQ294517 aa sequenceswere also identical across this regionbut
varied in three positions from the first pair. BQ739951 aa sequence was longer and
showed the greatest difference at the final 15 positions. (Figure IB).
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Figure 1A. Comparison of deduced aa sequences of ORFs from cDNAs with 5' UTRs.
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Figure 1B. Comparison of deduced aa sequences of ORFs from cDNAs with 3' UTRs.
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BQ740062 also lacked 5' and 3' UTR encoding regions. A separate comparison
indicated that the deduced aa sequence of BQ740062 is far more variable than any other
deduced aa sequences presented.
cDNA Nucleotide Alignments at 5' & 3' UTR
The above aa sequence comparisons suggested a possible grouping of the available
cDNAs. However, more definitive conclusions can be made by determining the
uniqueness of the 5'UTR and the 3'UTRs.
The 5' UTR alignment (Figure 2) reveals an exact match for BQ739965 and
Z50789. An exact match is also observed for sequences LI 1740 and Z23130. The 5'UTR
of sequence BQ740015 does not bear any homology to any of the other 5'UTRs with
which it is aligned. (Figure 2).
The 3'UTR alignment of Z50789, BQ294517. Z23130, and LI 1740TR is depicted
in Figure 3. An exact match is observed for the LI 1740 and Z23130 sequences.
BQ294517 and Z50789 are also identical to each another. However, they differ from the
other two sequences included in this alignment.
The start codon is at the beginning of the bottom line, immediately following the first C.
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Figure 2. BOXSHADE Alignment of 5' UTR
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by TAG or TGA where the T
and the next base are broken
by a change in coloration.
Acc. # Gene
Group
Full Seq. Partial
Sequence
Missing 5'
and 3' UTR
#of bp Expression
of EFIato
cold
L11740 A X 1646 Down
regulated
Z23130 A X 1560 Up
regulated
Z50789 B X 1608 ?
BQ294517 B 3'UTR 502 ?
BQ739965 B 5'UTR 634 ?
BQ740018 C 5'UTR 643 9
BQ739951 U X 620 ?
BQ740062 D X 626 9
Table 2. Summary
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DISCUSSION
Recognition ofsequence similarities
A comparison of the deduced aa sequences allowed us to infer that sequences
LI 1740 & Z23130 were encoded by the same EF-la gene (Figures 1A & IB). We also
inferred that the pair Z50789 and BQ739965 were identical and encoded by another EF-
la gene than that for the LI 1740 and Z23130 pair. Thus we have labeled these genes EF-
laA and EF-loB. This grouping was confirmed by the analysis of the 5' and 3' UTR
sequences depicted in Figures 2 and 3. The identical C-terminus match between deduced
aa sequences Z50789 and BQ294517 (Figure IB) and the identical 3'UTR match
confirm that BQ294517 is also encoded by EF-loB along with the cDNAs Z50789 and
BQ739965. The unique 5'UTR of BQ74(X)18(Figure 2) confirms that it is encoded by
another gene family member herein designated EF-laC.
The absence of UTRs for BQ739951 and BQ74(X)62 does not allow an assignment
to be designated with confidence. However, since the deduced aa sequence of BQ74(X)62
shared far less homology with the deduced aa sequences for EFloA, B and C, we have
designated it as derived from EF-loD. BQ739951 could possibly belong to one of the
other groups. However, without more information we have designated it EFlaU
(unknown). A surmnary of the final designations is provided in Table 2.
Differential expression pattern
Chang (1993) and Dunn et al (1993) isolated cDNAs designated LI 1740 and
Z21230 respectively. Our analysis revealed that they studied the expression of the same
EF-la gene, herein designated EFl-aA. However, they have reported different patterns
of expression for EFl-aA in response to low temperature (Chang 1993; Dunn et al
1993) (Table2). The notable experimental difference of these reports is the tissue's
developmental stage. Chang (1993) used 8-d seedlings. Durm et al (1993) used 3-4 leaf
stage plants. Expression studies will be performed to fully elucidate the precise reason
for differences in gene expression discovered previously. Gene specific primers wiU also
be designed to determine the behavior of the other EFla gene family members to abiotic
stress.
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ABSTRACT
Kava, prepared as the traditional aqueous infusion, was tested in the rat for possible
effects on liver function tests. Extracts were administered in dosages containing 200 or
500 mg of the active kavalactones per kg for two or four weeks. Sera were assayed for
four enzymes that are markers of liver toxicity and liver homogenates for
malondiadehyde formation that indicates changes in lipid peroxidation. The data showed
that none of the enzymes, alanine aminotransferase, aspartate aminotransferase, alkaline
phosphatase, and lactate dehydrogenase, nor malondialdehyde levels were elevated, in
fact in some cases they were significantly reduced, suggesting the lack of a toxic effect
on the liver by kava.
Key words: kava, kavalactones, hepatotoxicity, liver function tests
INTRODUCTION
Kava (Piper methysticum Forst f., family Piperaceae) is an herb that has been used
for ceremonials and rituals by inhabitants of the South Pacific (Singh, 1992; Lebot et al.,
1997). It is now sold widely in western countries as an herbal supplement to treat stress,
anxiety, insomnia and restlessness (Singh and Singh, 2002). Until recently, it was reputed
to cause no severe toxicity apart from a skin condition called kava dermopathy which
occurs on prolonged and excessive use. However, in the past few years, about 35 cases of
hepatotoxicity apparently associated with kava use have been reported from Europe,
mostly in Germany and Switzerland, with some additional cases from the United States
(MMWR, 2002; Schmidt, 2002; Waller, 2002). The adverse event reports (AERs) for
these incidents included cholestatic hepatitis, jaundice, increased Uver enzymes, Uver cell
impairment, severe hepatitis with confluent necrosis and irreversible liver damage; in a
few cases, liver transplantation became necessary. Although much of the data on most of
the cases were either incomplete or generally xmavailable, relatively detailed information
has been published for five of them (Singh and Singh, 2002). The AERs have prompted a
number of countries to take regulatory action to either suspend the sale of kava products
or issue health advisories on their use.
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These incidents of hepatotoxicity are somewhat surprising in light of the experience
of South Pacific islanders who have safely consumed kava for many centuries. In those
communities, only men consume kava, often habitually and in much larger amounts than
used in the west, yet their incidence of liver toxicity is low and similar to that of island
women who do not take kava. Fiuthermore, the commercial products were manufactured
using organic solvents that are confirmed hepatotoxins, such as acetone, ethanol, or
chloroform, in contrast to the water infusions drunk by the islanders. Whether the
extraction procedme introduces some toxic plant components or solvent residue into the
final product has not been established (Singh and Singh, 2002).
A number of independent reviews of the reported cases have been done and are
revealing. In one analysis of a total listing of 35 AERs from Germany (Schmidt and
Nahrstedt, 2002), four were double or triple listed, in four cases had no association with
kava, causal relationship with comedications was probable for 14 cases, doubtfiil but not
definitely excluded in four others, not assessable in six cases, and in three others causal
relationship with kava was probably due to abuse or excessive intake. Thus only in the
one remaining incident was there probable causal relationship in dosages conforming to
the German Commission E monograph (Blumenthal et al., 1998). The authors also note
that in a majority of the German cases the documentation was "far fi-omcomplying with
the current requirements of the relevant European guidelines" for AER reporting and that
"the allocation of kava [to hepatotoxicity] is not logical in the majority of cases and
appears arbitrary. Furthermore, in many cases, available information is not taken into
account, e.g., with regard to other causes." An extreme example they cite is the one
fatality where "it was evidently known ... that the cause of liver failure was due to many
years of alcohol abuse and that kava was not involved in the development of liver
symptoms - the biopsy showed that cirrhotic processes in the liver had started long
before kava was taken!"
Based on another analysis of 30 AERs from Germany and five submitted to the
FDA, it was concluded that there is "no clear evidence that the liver damage reported in
the U.S. and Europe was caused by the consumption of kava," and that those cases in
which there is a possible association between the use of a kava extract and liver
dysfunction" appear to have been hypersensitivity or idiosyncratic base responses"
(Waller, 2002).
The possibility of an interaction between kavalactones and pharmaceutical drugs
resulting in hepatotoxicity has recently received some attention. A major way in which
such interaction may occur is by an inhibition of cytochrome P450 (CYP 450) enzymes
by kavalactones. Since these enzymes are responsible for the hepatic metabolism of a
majority of drugs and xenobiotics, their inhibition could elevate the plasma
concentrations of these drugs to toxic levels.
In a study of the actions of the six major kavalactones on cDNA-derived CYP450
enzymes, the most potent inhibition of CYPlA2 occiured with desmethoxyyangonin
(DMY); of CYP2C19 with dihydromethysticin (DHM), DMY, and methysticin (M); and
of CYP3A4 with DHM and M (Zou et al., 2002). The inhibition of CYP450 enzymes by
whole kava extract and individual kavalactones was also investigated in human liver
microsomes (Mathews et al., 2002). The extract caused significant inhibition of the
activities of CYP1A2,2C9, 2C19, 2D6, and 3A4 while CYP2A6,2C8, and 2E1 activities
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were unaffected. While kavain did not inhibit CYP2C9, 2C19,2D6, and 3A4, there was
significant inhibition of CYP2C9 by M, DHM, and DMY; of 2C19 by DHM; of 2D6 by
M; and of 3A4 by DMY, DHM, and M. These data indicate that kava has a high potential
for causing drug interactions through inhibition of CYP450 enzymes responsible for the
metabohsm of a large number of medications.
Genetic polymorphism of many GYP enzymes, leading to interindividual variation
in drug metabolism, may be another factor in the marked discrepancy in hepatotoxic
response to kava of Pacific Islanders on the one hand and Caucasians on the other. The
enzyme CYP2D6 is thought to cause much of the interindividual variations seen in drug
responses, adverse effects, and interactions with drugs (Poolsup et aL, 2002). Individuals
may be poor (slow), intermediate, extensive (fast), or ultrafast metabolizers. In a
Caucasian population 7-9% of individuals are homozygous deficient in CYP2D6 and
thus are poor metabolizers (Poolsup et al., 2002). On the other hand, the incidence of
CYP2D6 deficiency is almost 0% in persons of pure Polynesian descent (Wanwimolruk
et al., 1998). Since this enzyme is a major metabolizer of kavalactones, it is tempting to
speculate that the genetic variability between Caucasian kava users and the Pacific
Islanders may be a major contributory factor. However, the genetic polymorphism of
CYP2D6 for Melanesians of Fiji, Vanuatu, and other kava consuming nations or that of
other CYP enzymes in the Pacific island populations is yet to be determined.
The purpose of this research was to evaluate the level of toxicity induced by kava
administration on hver function in yoimg Sprague-Dawley rats by measuring its effects
on several enzymes that are markers for liver toxicity, and formation of malondialdehyde,
a byproduct of lipid peroxidation that may result in liver damage. A significant increase
in these enzymes or malondialdehyde is considered an indication of liver toxicity. Rats
were treated for two or four weeks, with a placebo or an aqueous infusion of kava in
dosages of 200 or 500 mg kavalactones per kg per day. The results showed that there was
no significant difference in the activity of the four serum enzymes, or the amount of
malondialdehyde formed at either of the two doses, or at each of the two time points
compared to the control groups. We believe the work presented provides good indication
that kava prepared in the traditional manner and in kavalactones levels up to three times
that recommended by Commission E shows no significant indication of liver dysfunction
in rats.
MATERIALS AND METHODS
Kava extractpreparation
Dried kava root was obtained directly from Fiji where it was collected and
authenticated at the South Pacific Herbarium, Suva. A voucher specimen has been stored
in Herbariiun. Eight grams of the powdered kava was extracted in 50 ml of water by
sonication for 20 min at room temperature (-21 ± 1° F) and then centrifiiged at 10,000xg
for 20 min. The supernatant was removed and the residue was re-extracted with 25 ml of
water. The two supematants were combined, the filtrate frozen and then lyophilized. The
dry extract with the natural proportions of the kavalactones was used to make the
appropriate doses for rat administration based on the HPLC assay of their kavalactone
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composition. For thepurposes of reproducibility, the samebatchof thekavasamplewas
used for the entire study.
HPLC ,
The kavalactone contentof the powderedextract was assayedby a modification of a
previously published andauthenticated reversed phase HPLC method (Ganzera and
Khan, 1999).A Luna C8 column, 100 x 4.6 mm, 3 _m particle size, with a guard colunm
(from Phenomenex,Torrance, CA) was used. The mobile phase was
water:acetonitrile:reagent alcohol (60:25:15v/v).The reagent alcoholconsistedof
ethanol 90.7%, methanol4.6%, and isopropyl alcohol 4.7%. Chromatographicconditions
were: flow rate 0.5 ml/min, detection wavelength 246 nm, injection volume 5 _1,and
running time25 min.Thekavalactone standards, consisting of kavain, dihydrokavain,
methysticin, dihydromethysticin, yangonin, anddesmethoxyyangonin, weredissolved in
acetone. The samples as well as the standards werefilteredthrougha 0.22_m membrane
filter before injection.
Animal Care and Treatment
Sprague-Dawley rats,4 weeks of ageandbodyweight of 225-250 g, wereobtained
fromHarlan(Indianapolis, IN).Theywererandomly divided into six groupsof six
animals each and housed in pairs in a climate-controUed room at 25°C, 12-hour
light/dark cycle, andwithfree access to rodentchow (Purina, Richmond, IN) andtap
water. After sevendays of acclimatization, the rats wereadministered by gavage with
either kava (200 or 500 mg kavalactonesper day) in two divided doses or a saline
placebo. These doses of thekava were about 50%and250%, respectively, higher than
the dose recommendedby the CommissionE monograph. Food and waterconsumption
as weU as animalbody weight were monitoredat the same time of the day every two
daysthroughout the testperiod. The careand treatment of the rats werein accordance
withthe guidelines of the PublicHealthService Policyon Humane CareandUseof
Laboratory Animals and were approved by the Institutional AnimalCare and Use
Committee of the University.
Sample collection
After two or four weeks of treatment, the animals were anesthetized with
Phenobarbital (40 mg/kg), the thoraciccavityopenedto exposethe heart, and the blood
drawn by intracardiac puncture. Senimwasprepared andfrozen untilusedfor the
enzyme essays. Portions of the liverwereremoved andmadeintohomogenates for the
lipid peroxidation experiments.
Enzyme assays
Diagnostic kits from Sigma (St.Louis, MO) wereusedfor theassays of alanine
aminotransferase (ALT), aspartate aminotransferase (AST),alkalinephosphatase (ALP),
and lactatedehydrogenase (LDH) by following the accompanying procedures.
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Lipidperoxidation (LPO)
A modification of the thiobarbutric acid method was employed for the estimation of
malondialdehyde formed (Lee etal., 1991). Briefly, after incubation for 60 min at 37°C,
a 1.0 ml ahquot of the liver homogenate was mixed with 1.0 ml 40% trichloracetic acid
(TCA), followed by addition of 1.0 ml 2% thiobarbutric acid. The mixture was boiled for
15 min, cooled in an ice bath for 5 min, then 1 ml 40% TCA added to it. After standing
for 20 min, the mixture was centrifiiged at 800xg for 20 min, and the absorbance of the
supernatant read at 532 nm. The protein content of the samples was determined by the
Lowry method (Lowry at al, 1951) using a kit from Bio-Rad (Richmond, CA). The
extinction coefficient was used to determine the amount of malondialdehyde
formed/gram protein.
Statistical analysis
Data are means ± S.E.M. of 5-6 replicates. All statistical analyses were performed
using ANOVA followed by Student's t-test, with P<0.05 being regarded as significant.
RESULTS
There were no overt signs of clinical toxicity or behavioral changes in the rats
during either the two or four week treatment period. Compared to the placebo groups,
kava administration did not produce significant (P>0.05) alterations in food or water
intake or in body weight gain (Figure 1).
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Six majorpeakswhichcorresponded to the six majorkavalactones wereobtained
with reversedphase HPLC of the kava infusion.The relativeproportionsof the
compounds were as follows: kavain39.45%, dihydrokavain 21.12%, methysticin
24.14%, dihydromethysticin 15.35%, yangonin 11.37%, and desmethoxygangonin 5.7%.
Furthermore, the percentageof total kavalactones in the dried samplewas 8.34 ± 0.62
g/100g (n = 4) of the kavastock, whichis in goodagreement withliteraturevalues
(Young et al, 1966;Duve, 1981;Lehot and Levesque, 1989).
The serum levels of all four enzymes tested, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase ALP),andlactatedehydrogenase
(LDH),were almost twice as much in the kava-freerats after two weeks comparedto
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Figure 2a. Kavaeffects on alanine transaminase activity after 2 and 4 weeks of treatment
(*+P<0.05)
Aspartate Transaminase Activity
2 & 4 weeks treatment
22OOingA(BS0Oinglkg Placebo 4200mgAg SOD ma/ka
Treatment
Z^Pbcebo 2vri(S
^aZOOmgrtcg 2ttiks
[^SOO mg/kg 2 wks
IZ3 Placebo 4wks
^SZOOmg/kg 4wks
EJSSOOmgfltg
Figure 2b. Kava effectson aspartate transaminase activity after2 and 4 weeks of
treatment (*P<0.05)
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four weeks of treatment (Figure 2). After two weeks, all enzymes were lower with both
doses of kava. The change was significant (/'<0.05) at 500 mg/kg kavalactones for ALT
and AST and at 200 mg/kg for ALP. The reduction in ALT was also significant (P<0.05)
after 4 weeks with 500 mg/kg.
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Figure 2c. Kava effects on alkaline phosphatase activity after 2 and 4 weeks of treatment
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Figure 2d. Kava effects on lactate dehydrogenase activity after 2 and 4 weeks of treatment
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The amount of malondialdehyde produced after 4 weeks was significantly greater
(P<0.05) than after 2 weeks for each type of treatment, namely placebo and the two
doses of kava extract. However, at each time point kava did not significantly (P>0.05)
alter the level of lipid peroxidation compared to the corresponding placebo (Figure 3).
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Figure 3. Kava effects on lipid peroxidation after 2 and 4 weeks of treatment
DISCUSSION
Aqueous infusions of kava have been used by South Pacific islanders for hundreds
of years without any major adverse effects except for kava dermopathy, a scaly skin
condition, which only occurred on prolonged and excessive intake. Thus it came as a
surprise when cases of hepatotoxicity were associated with kava in reports from Europe
and later, the U.S. Since the herbal supplement is extracted with organic solvents in
contrast to the relatively safe water infusion used by the South Pacific consumers, it
became important to establish whether the aqueous extract manifested any signs or
symptoms of liver dysfunction.
The enzyme assay data clearly indicate that there was no significant increase in any
of the four major marker enzymes for hepatotoxicity. In actuality, there usually were
reductions in the enzyme activities, especially at the lower kava dose. Furthermore, these
changes were significant (P<0.05) in four of the cases, which would suggest that rather
than aqueous kava being hepatotoxic, it might have a hepatoprotective effect, something
that many Pacific islanders have long believed (the faculty mentor is a native of Fiji).
The lipid peroxidation studies were done to determine whether kava constituents
promote any free radical activity that may lead to liver injury. The data show that there
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was no significant increase in the formation of malondialdehyde, indicating the lack of
hepatotoxicity arising from lipid peroxidation.
Although the findings of the present study indicate the absence of a causal
relationship between kavalactones and the apparent kava-induced hepatotoxicity, there
are other considerations that need to be addressed. The doses of kavalactones used were
up to only about three times higher than the recommended maximum whereas toxicity
studies in rodents are normally performed in doses that are up to 10 times larger. It is
also possible that some, but not aU, of the kavalactones cause liver injury and hence the
composition of the extracts in this study and in herbal supplements is highly relevant. In
the present study, kavain and methysticin constituted about 63.6% of the total lactone
content. Chemotypes rich in these two compounds find favor with kava drinkers
apparently because of the desirable psychoactive effects they produce (Lebot and
Levesque, 1989) and also the flavor and taste they impart to the beverage. On the other
hand, chemotypes high in dihydrokavain and dihydromethysticin are shunned as they
appear to lack these properties. These attributes obviously led to a selection by the
islanders of which chemotypes to utilize. The liver toxicity profile of these two
compoimds or of the other four lactones presently is not known; however, should kavain
and methysticin prove to be relatively innocuous in this regard, then this would support
the results of the present study.
The relative proportions of the kavalactones in the commercial products are
established, but wiU probably be different from that in the aqueous infusion because of
their extraction with organic solvents. Whether some or all of the other kavalactones are
hepatotoxic, or larger amoxmts of them or other noxious compounds are extracted
remains to be resolved.
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